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The gonadal development in the juveniles of the scallop, Patinopwten yessoensis, 
cultured in the Mutsu Bay was compared with that in the one-year-old speci-
mens. In the majority of the .juveniles the gonad began to develop in September 
(about 5 months after birth) and mature in late Feburary-May (the major gonadal 
maturation) though sexual maturity was yet to be complete. Some of gonadal 
follicles in a few individuals developed to a mature state in the autumn of the 
first year (minor gonadal maturation). All the juveniles were functionally male 
till 7 months after birth except during the period of the minor sexual maturation. 
Female germ cells began to appear in hermaphroditic gonads or ovaries about 
8 months after birth. These findings suggest that the female is a protandric 
hermaphrodist and that the half of the scallops begin to change in sexual phase 
from male to female in January (about 8 months after birth) under cultivation in 
the Mutus Bay. 
The Japanese common scallop, Patinopecten yessoensis (JAY) was said to be 
a gonochorist in sexuality (YAMAMOTO 1943). WAKur and OBARA (1969) 
observed that in the scallopes collected from the Lake Saroma in Hokkaido all 
of one-year-old specimens were male, but the sex ratio was about 1:1 in the specimens 
over two years. They suggested that sexual reverse froin male to female occurred 
during the period from 1 to 2 years after birth. 
Hermaphroditic gonads were observed with considerably high frequency in 
the just one-year-old scallops obtained from Toni and Yamada bays, Iwate 
Prefecture, in May, 1973 (OSANAI 1975, MoRI and OsANAI 1977, MORI, 0SANAI and 
SATO 1977). The hermaphroditic gonads possesed of both male and female germ 
cells in the same follicles. The male cells, such as spermatoza and spermatocytes, 
were located in the central portion of the follicular cavity and the later growing 
oocytes arranged on the follicle walls as observed in Tredo and Ost;rea (CoE 1943). 
This finding suggests that the Patinopecten females is a protandric hermaphrodist 
(OSANAI 1975). Thus, the sexual phase seems to alter from male to female by 
about one year after birth in Sanriku coastal region. To dicide when the sexual 
phase alteration occurs, the gonadal development were observed in the juvenile 
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spesimens younger than one-year-old, which were cultivated m the Mutsu Bay, 
Aomori Prefecture. 
MATERIALS AND METHODS 
The scallops; Patinopecten yessoensis (JAY), cultivated off. Tsuchiya in the 
Mutsu Bay, Aomori Prefecture, were used as materials. Juvenile scallops, from two 
months to one year old, were collected from in June, 1977, to in May, 1978. Whole 
specimens or isolated gonads were fixed with BoDIN's solution or BAKER's calcium-
formalin solution. In order to observe gonadal condition in adults, the gonads 
obtained from one-year-old scallops undergoing the gonadal development of the 
secondyear were fixed from in October, 1974, to in May, 1975. Tl)ese specimens 
had been cultured off Kawauchi in the Mutsu Bay. Sampling and fixing of the one-
year-old specimens were carried on by the staffs of the Aquaculture Center, Aomori 
Prefecture. 
The fixed gonads were sectioned with the usual paraffin method and stained 
with DELAFIELD's hematoxylin-eosin. The condition of gonads observed were 
classified into the five stages according to the criterion described previously 
(OSANAI 1975, MORI, OsANAI and SATO 1977, see Table 1). 
Table l. 
Classification of gonad conditions in the scallop, Patinopecten yessoensis 










Small and transparent gonad, in which primary 
germ cells lie on the membrane of the narrow 
follicular lobules. 
Translucent, increasing in size. Spermatocytes 
or oocytes are arranged on the follicular wall. 
In testes meiosis proceeds and spermatids are 
formed. In ovaries half-grown oocytes have a 
stalk. 
Testis is White and ovary red. Follicular cavities 
are filled with spermatozoa or fully-grown 
oocytes. 
Spermatozoa or ova are partially discharged. 
OBSERVATIONS 
l. Gonadal Development in the Second Y ea1· of Rep1·oductive Cycle 
The scallops, which are in the second year of gonadal development, seem to 
be almost mature in sexual ability. The gonadal conditions observed in the 
specimens from about 1.5 to 2 years after birth are shown in Table 2 and Fig. l. 
The individuals, over one year old, began gonadal development in late 
October of the second year.' Multiplied gonia 'were diferentiating to spermatocytes 
or oocytes. The germ cells increased and grew during November-January. In late 
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Table 2. 
Gonad condition in one-year old scallops (spawned in the spring of 1973) 
Date of Shell Total Gonad Gonad 
Gonadal Stage Total 
Sampling 
Length Weight Weight 
Index 
Sex 
I lm I Ivjv Number (mm) (g) (g) I II 
Oct. 22, 1974 71.6 42.6 - - li 1 9 19 
9 9 
Nov, 22, 1974 73.5 48.6 - - li 2 20 1 39 
9 16 
Dec. 21, 1974 80.5 58.6 2.5 8.4 li 1 20 
9 19 
Jan. 23, 1975 87.8 75.2 4.7 17.0 li 10 20 
9 1 9 
Feb.27,1975 87.8 81.6 9.0 28.0 li 12 20 
9 8 
Mar. 20, 1975 90.1 89.9 9.5 26.7 li 5 1 19 
9 12 1 
Apr. 23, 1975 91.0 95.6 5.6 14.6 li 7 6 20 
9 5 2 
May 29, 1975 93. 1 91. 7 2.8 3.1 li 4 7 20 
9 3 6 
January spermatozoa or fully-grown oocytes began to appear in testes or ovaries. 
In Feburary-March the folicular lobules were filled by mature spermatozoa or fully-
grown oocytes. The mature gametes seemed to be spawned in late March-May. 
The seasonal change of gonadal condition in the cultivated scallops coincides almost 
with that in benthic specimens collected from natural habitats (YAMAMOTO 1943). 
Table 3. 
Gonad development on juvenile scallops (spawned in the spring of 1977) 
Date of Shell Body 
Gonadal Stage Total 
sampling 
length weight Sex 
IIIIIIIIIVIV 
Number (mm) (g) I 
Aug. 3, 1977 5.2 0.03 ? I 10 10 
Sept. 2, 1977 12.8 0.29 ? 2 
;) 4 0 2 
Sept. 26, 1977 14.0 0.34 ? 1 ~~ 3 li 2 
Oct. 25, 1977 25.3 2.16 li 3 3 1 1 8 
Nov. 24, 1977 34.3 4.21 li 3 5 ~) 10 ~ 1 
9 1 
Dec. 23, 1977 31.9 3.07 li 3 7 10 
Jan. 24, 1978 38.3 5.99 li 1 8 4 1;! 15 
~ 2 
Feb. 23, 1978 48.1 10.2 li 5 8 4 2 19) ~ 1 2 1 4 35. 
9 1 10 1 12 
Mar. 27, 1978 42.4 14.5 li 1 2 
~) ~ 1 5 9 1 
May 2, 1978 47.1 li 4 1 
~) ~ 1 9 ~ 3 
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Fig. 1. Seasonal change of gonad condition in one-year-old scallops spawned in the 
spring of 1973. Roman n umbers show' t he stage of gonadal condit ion. Gonad index: 
wet gonad weight X lOOfwet meat weight. 
2. Gonadal Development in the Juveniles 
The gonadal development was observed in the scallops younger than one year 
old. The sexes of the juveniles could not be distinguished until t he August of t he 
first year because of little gonadal development. The gonads began to develop 
somewhat in September (about 5 months after birth). Generally, t he gonadal 
condition was in its early stage until December (about 8 months after birth). In 
January (about 9 months after birth) t he multiplied spermatogonia were developing 
to spermatocytes. In Feburary-March (10- ll months after birth) the gonads grew 
rapidly, but the large space in the gonads was yet occupied by underdeveloped 
follicles, which contained few gonia. The juvenile gonads did not arrive at a 
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Fig. 2. Gonads of the one-yea r -old scallops spawned 1973. 
a : Testis (Stage I II), collected on Dec. 21, 1974. b: Ovary (Stage III), collected on 
Dec. 21, 1974. c: Mature testis (Stage IV), collected on Jan. 23, 1975. d: F ully-grown 
ovary (Stage IV), collected on March 20, 1975. e: Spent test is (Stage V), collect ed on 
1\iay 29, 1975. f: Spent ovary (Stage V), collected on May 29, 1975. (X 33) 
complete development even in May, though a part of the follicles developed t o 
mature condition and mat ure gametes were discharged. 
Among the juvenile specimens collected on October 25 (about 6 months after 
brith) some of them had a few developed follicles, which contained spermatocytes 
and spermatozoa. These follicles were small in size and in number, distributing in 
the restricted part of the testes. The mature spermatozoa seemed to be spawned 
because they were observed in the gonoducts. This fact shows that the gonads 
(the testes) are able to mat ure partly in autumn. Falling temperature may 
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Fig. 3. Gonads of juvenile scallops spawned in the spring of 1977. a., b: The viscera. I 
pouch of the young scallop collected on Sept. 2, 1977. (a x 33, b X 330). c: Minor 
mature testis, collected on Oct. 25, 1977. Spermatozoa are observed in the small 
testicular lobule ( X400). d, e: Hermaphroditic gonads obtained on Jan. 24, 1978 
(d x 100, e x 400). 
stimulate also gamete maturation and spawning. 
3. Sexuctl Diffm·entiation in the Juveniles 
All the juvenile scallops were male in late October. In late November a few 
of the individuals possessed the hermaphroditic gonad or the ovary. The 
gonads possessing female germ cells, however, were not obtained in late December. 
Hermaphroditic gonads began to reappear in January. In late Feburary the 
growing ovaries were also observed. If the individuals possessing of hermaphroditic 
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Fig. 4. Gonads of t he juvenile scallops spawned a: Growing testis (Stage III) 
collected on Feb. 23, 1978 ( X 100). b: Ovary (Stage II), collected on Feb. 23, 1978 
( x 100). c, d: Hermaphroditic gonad obtained on F eb. 23, 1978. Spermatozoa are 
observed in the follicular cavity (c X 100, d X 400). e : Mature testis, collected on 
May 2, 1978. ( x 80). f: Grown ovary, collected on May 2, 1978 ( X 80). 
gonad are regarded as female, the sex ratio is approximately l: 1 (19 males: 17 females 
and hermaphrodites) (Fig. 5). This obsevation shows that the scallop is protan-
drous in the juvenile stage. 
In the autumn of the first year the rninor maturation of gonads was stimulated 
and male reproductive cells grew and matured in a part of follicles. The female 
reproductive cells appeared in a few of the individuals obtained in November. 
This seems to be attributed to the minor gonad development in autumn. The 
maJor gonadal development proceeded m January and Feburary. The 
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Fig. 5. Gonad condition of the juvenile scallops spawned in the spring of 1977. The 
mark, ? , indicates the undifferentiating state of the gonad. Roman numbers show 
the stage of gonadal condition. 
spermatozoa matured partially and were discharged in late Feburary-May. 
The female reproductive cells of the hermaphrodites were in the early stage of 
oogenesis until January. The ovaries and the hermaphroditic gonads possessing 
of growing oocytes appeared in late February. The fully-grown oocytes were 
observable in late Feburary-May. 
The results mentioned above can be summarized as follows: (1) all the 
juvenile scallops are functionally male until the December of the first year (about 
9 months old) except in the period of the minor sexual maturation in autumn: (2) 
female reproductive cells begin to differentiate in January (about 9 months old); 
(3) the female individuals possessing oocytes in the gonad increased to about the 
half of the total individuals examined in late February. Thus, the female scallops 
seem to alter from male phase at about 9-10 months after birth. This result 
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supports the assertion that the females of Patinopecten yessoensis is a protandrous 
hermaphrodist (OsANAI 1975). 
DISCUSSION 
The scallop, Patinopecten yessoensis, was said to be a gonochorist in sexuality· 
(YAMAMOTO 1943). In the scallops collected from the Lake Saroma, Hokkaido, 
all the one-year-old specim.ens were male, while the specimens over two years 
were 1:1 in sex ratio (WAKUI and OBARA 1969). Among the one year-old scallops 
obtained from the aquaculture plantations of Sanriku coast, the hermaphroditic 
gonads were observed in considerably high frequency (OsANAI 1975, MoRI and 
0SANAI 1977, MoRI, OsNAI and SATO 1977). Thus, it was considered that the 
genetic females were apparently male in young stage and alter in sexual phase until 
about one year after birth. (OSANAI 1975). 
To decide when the sexual phase alteration occurs, the gonadal changes of the 
juvenile scallops cultivated in the Mutsu Bay were observed. The females 
were not obtained until January (about 9 months after birth) except minor 
appearence in November, while the male reproductive cells began to differentiate 
about 5 months after birth. The females seem to reverse from the apparent 
males about 9 months after birth under cultivation in the Mutsu Bay. 
MARu (1976, 1978a, b) observed gonadal changes in the scallops collected off 
Hokkaido. All the one-year-old specimens collected from the Lake Saroma and off 
Abashiri were male in the first maturation period from May to July. The females 
appeared in the. second gametogenetic period, in which the sex ratio was 
approximately 1 :l. Hermaphroditic gonads were little observed. Thus, the 
alteration from male phase to female phase was considered to occur just prior to the 
sex differentiating stage of the second gametogenetic year in Holdmido (MARU 1978a). 
His observations supported also our assertion that the scallop is a protandric henna-
phrodist, though the apparently hermaphroditic gonads were not observed because 
the sexual phase alteration occurred in undifferentiating gonadal stage. 
The hermaphroditic gonads described perviously in Patinopecten yessoensis 
can be classified into three types. The first type is that the gonad is testicular in 
the proximal half and ovarian in the distal half (YAMAMO'fO et al. 1950, YAMAMOTO 
1964). The hermaphroditic gonad belonged to this type was reported also in a 
weathervane scallop, Patinopecten caurinus (HENNICK 1971). In the second type 
the testicular follicles and the ovarian follicles mix as mosaic (OnERA and YAMAMO'fO 
1958, MARu 1978b). These hermaphroditic gonads were observed in the specimens 
older than one year. Third type is that both male and female reproductive cells 
lie in the same follicular lobules (OSANAI 1975). The hermaphroditic gonads 
observed in the juveniles younger than one year belong to the third type. This 
type seems to show alterating state from male phase to female phase. The 
third type of hermaphroditic gonads was reported in the other pelecypod mollusks, 
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such as oysters and shipworms, whose sex alters in the course of life cycle (CoE 1943). 
The juvenile scallops underwent minor maturation in autunm. MASON (1958) 
reported that Pecten maximus had two mass spawning, a partial one in spring and 
a more complete one in autumn. This is also the case in Aequipecten irradians 
(SASTRY 1963). Therefore, gonadal maturation can be stimulated both rising and 
falling of temperature. 
This work was partly supproted with the aid entrusted by the Acquaculture 
Center, Aomori Prefecture. 
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